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FOREWORD

The design criteria for waterways, channels and closed conduits he/ze/;h

contained have been adopted by the Sonoma County Water Agency fon its own

use in design o4 Agency drainage and §Lood control wonks, for the checking

0f design and construction of such profects which, upon completion, will be
maintained by the Agemiy, and for checking design of private developments
which are referned gor heview under agreement with other agencies. 1In the

case of hydraulic neview referrals pejtﬁofu'ned' under. conthact forn othen

 agencies, and if maintenance will be under th_u'/t»conmoll, those agencies’

structunal and material standands will take precedence over this Agency's
A/tandandza and this .Agericy"é comments will be advisony ondy.

These duignlwxma have been adopted baAec.l"u.poin- eﬁcpe/z,éence on the |
part of the "Age_ncy and AmpL{.ng o4 ,expe/uéenc'u; 04 étheft Léke agencies
throughout California. In view 0‘5 the Za/z.gé. backlog of experience /LQ)OILQ;

sented within these standarnds, it is believed that adherence to the minimum

- hequirements contained herein will provide the Sonoma Coun,'ty' Water Agency,

the Cou.ni:y 04 Sonoma and cities 4in the County, a system of drainageways which

will adequately carry off stormm and drainage water.

1t is impontant that drainage improvement p/w fects enhanca X:he emw'wn-

ment. Vegetation, pﬂanted on natural, along a waterway enhances both the

aesthetit and wildlife nerMceA. As development encroaches on open space,

vegetation along waterways becomes essential as refuge and nukﬁéng areas fon

binds and small animals. 1t may be advantageous noﬁ(: to channelize a drainage-

way, but to nestrict development WUCMYL the 5£o¢d plain.

T he engineen is invited to be as creative as possible and sk provide
a functional, safe and ae/sthe/acauy pf,ewsmg wateway which is compatible
wu:h Zhe e.numonmen,t
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CHAPTER I
GENERAL

It is the general purpose of these design criteria that waters

generated by storms, springs, release from reservoirs, or other

'sources, be- carried fhrough the system of waterways and conduits

" within Sondma County in such a manner that existing or projected

building sites will be free from'flood hazard in all flood events

up to and including .a flood. of magnitude which is equaled or

_exceeded once in one hundred years Flood hazard is defined as

potential damage by water having sufficient depth or velocity tod
damage improvemeuts_or to deposit or scour soil other than within
channels. |

Unless an individual project requires diversidn of water to
conform to a comprehensive drainage plan, the water shall be -
received and discharged at theripcations.whieh existed prior to.
installation of the project and as nearly as possible,iu the}
manner which existed prior'to constructien of the prbjeet.‘ Should
diversion be required, sufficient work shall be doneiupsfream and/or
downstream to provide affected properties at least the,eame'level of .
flood protection as existed prior to the diversion.

Construction of works by separate reaches of a waterway is
discussed in appropriate sections of Chapters V through VIII,
Construction of an'improved waterway by reaches as controlled by
econouic and environmental.faeters or the state of use'of adjacent
iands is often necessary. 'Adjoihing reaehes of a waterway may, in

some cases, remain for a period of several years before modifications

_are ‘initiated in them. In cases of construction of modified waterways



by reaches, interim construction upstream and downstream of. the
modified reach will generally be necessary to assure proper
functioning of the modified reach and to avoid undesirable erosion

or other effects in the adjacént unchanged reaches. Interim

. construction, insofar as possible, should be compatible with the

full mddificationsvwhich would ultimately be required.

This desigp'manual-is intended to provide general and some
detailed deSign criteria. Most design details are left to the
responsibility.df the designlengineer and may be handled by
following good-engineering practice. Material and éonstruétioh
spécifiéatibns are not included,.however, the Standard Specifi-

cations used by the Agency for materials and construction are

listed in the references contained in the Appéndix as an example

of such specifications which may be utilized to good advantage in

conjunction with these design criteria.

The design criteria contained herein are minimal and alternates

thereto will be approved, provided such alternates are to a higher

- standard than those set forth herein. Exceptions fo'these,design

criteria may be allowed by the Agency when it can be determined ,
that such exceptions are in the best interest of the public and the
alternate will equal the normally accepted method,

' These design criteria are intended to apply to waterways where

continudus maintenance is necessary to insure adequate capacity to carry

drainage and storm flows. In precipitous areas where streams have very

steep gradients and are contained in ravines or canyons, the possibility

‘of obstruction of streams to a degree which would cause flooding is

generally remote. For waterways in such areas, hydraulic modification



is generally not required. .In the event that modification of

L waterways in preéipitous areasvcdmihg under the jurisdiction of

A the Sonoma County Water Agency is deemed necessary or advisabie,
L design of suéh waterways shall have the purposé of eliminating

1 . flood hazard except for flood evénts occurring less‘frequently

| ‘than once ih one hundred years. Design of such wéterways shall

: : conform to good engineering practiée and shall be subjedt to the

- - approval'of the Chief Engineér{.however, someideviation from fhe

3 \ criteria Qf the chapters of these design criteria on Hydraulié

 } Design, Alignment, Sections and Bénk Protection, and Structﬁral

Design may be necessary or advisable.



CHAPTER II

CLASSIFICATION OF WATERWAYS

A, General:

A waterway is defined as any natural or arti icial
channel or depre851on in the surface of the earth which provides
a course for water flowing either continuously'or intermittently.

Waterways coming under the jurisdiction of these design
criteria shall be_classified as defined'below, A waterway may be
subdivided into reaches, each of which may be of a different
classification;_however, each reach of a waterway so_subdiVided
shail be of a length which is reasonable:for the classification
' de51gnated Bridges and short culverts for channel cr0551ngs are
not cons1dered as channel reaches. Hydraulic de51gn of such

structures is discussed 1n'the appropriate chapter of this manual.
| Waterways are also designated as being major; secondary,
or minor, based on the area of‘the'tributary,watershed as discussed

in Chapter III of this manual

B. Natural Waterways

| | Natural waterways which have sufficient waterway area to
‘contain design discharge within the design'linits stated in
Chapter Iv and which’have proved to be reasonably stable, and which
are endowed w1th significant natural beauty, may be left natural
and, if left natural are classeddas‘natural waterways. Other
natural waterways endowed with significant natural beautywwhich
containbonly slightly inadequate waterway area or which are unstable |
only at infrequent locations, may also be classed as natural water- -

ways, provided that minor channel modifications are made which



render the waterway adequate and stable. Such minor channel
modifications shall be of such character as to preser&e
substantially thé néturél features of the waterway, or the
waterway shall be classified under Sections C, D or E herein-
below or as a constructed natural waterway. A constructed
nafurai waterway may be'constrﬁcted as an altefnafe to otﬁef
facilities or.when the existing éhannel eannot»be‘classifiédVaé

a natural waterway.

Natural waterways and constructed natural waterways, as
herein defined, shall be delineated by rail fence or other.
architecturally designed fence or marking which is permaneﬁt’and

is easily recognizable as delineating the right-of-way.

FIG. 2-1

NATURAL CHANNEL
BEFORE CLEARING



- Appendix, unless otherwise approved_by'the Chief Engiﬁeer.-

Fie. 2-2

'NATURAL CHANNEL
AFTER CLEARING

C. - Landscaped: Constructed Waterways:

A landscaped waterway“may be constructed from an éXisting
waterway'which cannot be classifiedvas!a Natural Waterway under .
Section B,-but fof-Which landscaping, planfing‘or other aesfhetid
treatmént may be desirable to eﬁhance the appeafance of the wéter—
way and the.li&abiiity of adjacent areas. Landscaped-constructed
waterways shall be desighed in accordance with all provisions of

these design criteria applicable to constructed open channels.

Landscaping, planting, irrigation systems and other aesthetic

treatment shall be designed for minimum maintenance ‘and for minimum
danger to the general public from hazards inherent in open channels.
Plant materials and arrangements thereof shall bé‘substantially in

accordance with the recommendations contained in Reference 6 in the

-6-



.~ EARTH CHANNEL
VELOCITY UNDER 6 FEET PER SECOND

| CONSTRUCTED CHANNEL -
PRIOR TO INSTALLATION OF LANDSCAPING



Landscaped constructed waterways may have right-of-way
dellneated as descrlbed under Natural Waterways.

D. Closed Conduits:

Waterways whose de51gn dlscharge may reasonably be

conveyed 1n a 72-inch dlameter or smaller concrete pipe shall be

placed underground in a closed condu1t, except for natural water-

ways, landscaped constructed waterways, and allowable gutter or
roadside ditches. |

| The discharge as calchlated by use of the  method
contained in\Chapter ITI will be used to determine whether a

waterway shall be modified as a constructed channel or as a closed

“conduit, even though the waterway may actually be designed to

convey a discharge larger than that so calculated.

“E. Constructed*Channels:r

All waterways which cannot be classified under Sections

B or D are classed as constructed channels.



.CHAPTER III-

HYDROLOGIC DESIGN

Hydrologic design shall be predicated upon ultimate
development of the tributary warershed. Valley areas and gehtly
to moderately eloping uplands, which are undeveloped at the time
ofldesign, shall be assumed to be fully developed as single and
- two family résideﬁtial_zones (lots under l/u‘aere\in size) unless
a publicly probosed_development, precise'zoning, or. the Generai
Plan indicates a different 1and use. Areas of steep terrain
shall be assumed to be developed fully to an infenéity of use-
compatible with the nature of the-terrein; such use may be for
residential development'in lots iarger than 1/2 acre, unless
precise existing zening‘or the.General Plan indicatee a different
‘use. Steep terrain is defined es terrain whose general average
slope is in excess of 20 percent. Undeveloped erees whose
average greund slépe is between 15 and 20 percent may be assumed
as-being developed into residential subdivisions with lot size of
1/4% to 1/2 acre, uﬁlees existing development,'existing zoning or
the General Plan indicates a different use.

Public parks, public golf courses and other publlcly
owned areas may be considered as vegetated to the extent that they
are actually vegetated, unless publicly proposed plans éhow that
the bedy having jurisdictioﬁ'intends,to alter fhe existing use of .
the area so as to make the surface less pervious. R

Average recurrent interval 1s defined as the average
number of years, over a long period of time, in which a given.

flood event is equaled or exceeded in magnitude of discharge.



[ s

Flood flows to be used for the design of waterways, channels and
closed conduits- shall have minimum average recurrence intervals

as follows:

1. Major Waterways have a drainage area of four

square miles or more and shall be designed for an
average recurrence interval of 100 years.
2. Secondary Waterways have a drainage area of-

i
.

between one and four square miles and shall be designed

-forfan average recurrence interval of 25 years, except.
as hereinafter prov1ded

3. Minor Waterways have a drainage area of one

square mile or less and shall be designed for an
average reeurrence'interval of lO-years,:except'as
:hereinafter provided.

A giveh Qaterway, therefore, will be classed as minor
in»its ﬁp?er reaches, then change to the secondafy classificatioh
at a point where the drainage area exceeds one square mile, and"
then change.again to the major'clasSification at a point where
the drainage»area exceeds four square miles. .

iThose waterways set forth in a comprehehsiVe drainage
plan of the Agency. shall be de51gned and constructed to carry the
discharge of water indicated in such a plan.

Those waterways on which stream gagihg stations have been
maintained for a sufficient time and for which factors are
available to convert historic streamfldw-into streamflowABased
upon projected development of the‘watershed shall be designed-to

carry the flows statistically‘predictable.

-10-



For éll other watersheds, design discharge shall be
detéfmined-by the use of the rational formula:
Q=CTIAK
in which:
Q = design discharge, cubic feet per second

C = runoff coefficient (from Plate B~1 in the
~Appendix, based upon ultimate development)

I = intensity of rainfall, inches per hour (from
’ Plate B-2 in the Appendix) ' h

A tributary watershed area, acres

K

K factor (from Plate B-U)

Time of concentration shall be based on. an initiai
fimerf‘7 minutes for commercial or similar areas, 10 minutes
for lots,smaller than 1/2 acre, and 15 minutes for lots of 1/2
acre and larger.

Most watersheds are too large for appiication of the.
rational metﬁod in one step} In that case, fhe waterway shall
be‘subdivided into reaches of reaéona?le length and the rational
formula applied‘to each reach step by step, properly accumulating
fhe parameters., The initial_reach for‘ratibnai method hydrology

must be consistent with the initial area {(not more than 2 acres)

~and concentration time chosen by the designer. See sample

drainage computations in the Appendix.

-11-



AN

CHAPTER IV

HYDRAULIC DESIGN

A. GENERAL:

For the solutlon of hydraulic de51gn problems commonly
encountered, reference may be made to.the blbllography contalned
in the Appendlx or other generally accepted references. For
those uncommon design problems'not‘susceptible to solution by
reference to”the.bibliography, the design>engineer shall provide
such reference,'treatise,\model study report; or prototype test
‘as is necessary to confirm his hydraulic design.

Secondary or minor waterways outletting into major or .

secondary downstream waterways shall be de51gned to operate -

“against a 25 or lO-year flow_respectlvely in the major or

secondary downstream waterway, provided that the ground elevation
along the secondary or,ninor system shall‘be above the iOO year
water surface elevation in the major or secondary downstream
waterway.

If a_secondary or minor waterway is placed in a closed

conduit, sufficient additional surface routes for flood flows

‘shall be made available to carry the added flow increment up to the-

100 year design discharge with no more than nuisance damage to
improvements or projected improvements and with no inundation of

present or future buildings., If such surface routes cannot be .

made available, the'secondary or minor waterway shall be designed

' to carry the 100 year design dlscharge.

Design depth of flow in gutters shall not exceed 0.4 -

foot for the 10 year flow. Roadside ditches, when allowed, shall

-12-



not be used where the design flow is greater fhan that which
could be carried in a standard gufter flowihg 0.4 foQt deep
on the same.slope as the road profile slope. Where the
dischargé exceeds gutter capacity, a closed conduit system
shall be provided. Roadside ditches\sha;l be designed so

that the water surface for the design dischafge will be at or
below therutside edge of the road shbulder.such that there is
- no fiéod water in'the normal travel-way of the road and below

adjacent ground level.

B. MANNING'S "n" VALUES:

Manning's "n" values for design shdall be as follows:
1. Concrete, steel troweled or smooth-form finiSh 'n =.,013
2. Concrete pipe, precast or cast-in-place o on o= 014

'3, Concrete, wood float or broomed finish,

including pneumatically applied mortar ' n = .015.
L, .Asphaltic concrefé ' ' n ; .017
5 :Corrugated metal pipe.(nbn—spiTA1).,‘ ‘ - n = ,024 .
6. Sack concrete riprap : .n = ,030
7. Grouted rock riprap i- . ' o n = .030
8.‘_L¢ose rock riprap> : o _ n = .035

9. Grassed channels:

a. For VR greater than 20 n = .035
b. For VR less than 20 _ ‘ (From Reference U4)
10.  Constructed Natural WaterWéys ' n = .050 Minimum

For natural channels, vegetated swales, or cases not covered
above, "n" values: shall be determined from References 4 or 12.

For materials other than stated-above, "n" values may be accepted

a

-13-.



if developed and specified by the State of California and/or

by an independent test performed by a reputable organization.

C. OPEN CHANNELS:

Constructed open channels and'waterwayé shall be

designed to carry the quantity of flow determined as set forth

in Chapter III with minimum freeboard between design water

surface and the top of bank of 1.50 feet or 0.2 of the specific

energy, whichever is greater. Where this minimum freeboard

does not proVide the necessary differential head to allow
adequate gravity drainage for projected development of the
tributéfy areas, the_design water surféce Shall.be lowered
sufficiently to allow such areas to drain to thé channel by

gravity, except where levees are permitted.‘ Levees afe

~ generally unacceptable; speéific‘exceptioh to allow levees may

be granted in tidal areas or in other situafions of extreme’
difficulty only after a specific determination by the Chief
Engineer'that the proposed levee is the only feasible method
of providing adequate flood protection.

For natural waterways and constructed natural waterWays,

desigh flow may be allowed in an bverflow'area above the defined

banks provided, however, the flow must be contained within a
defined overflow area and freeboard_provided as specified above
between the watef surface andiadjacent gfound elevation or

finished grade elevation within lots or areas in which improvements

‘are.to be constructed. Less than 1.50 feet freebbard may. be con-.

sidered for small natural swales and creeks through open spéce

C-lbu-



Such as parks and golf courses. In any eVent, freéboard shall

" be adequate to provide for reduced capacity due to weed growth

and 100 year flow within the right-of-way.

Prior to computing'the required freeboard, super-
éievation ofvthe water surface on»cur?es shall’be.détermined by
use of formulas'contained in Reference 1 or 2 or the formulas
listed in Plate B-5 in the Appendix and the design water surface
adjusted therefdr. Open channels shall not be designed with a -
slope in the range of plué or.minus,ZQ pefcent of crifica15slope
unless added ffeeboard for instability waves is brovided, as
determiﬁed from the formulé listed in Plate B-5 in the Appendix.
ChaﬁneIS‘designéd”for supercritical flow 3ﬂa11 have their Sequeht
depth below top of bank. |

Channels shall be designéd taking '‘into accourit the

- energy losses due to existing and projected road crossings or

other obstructions to be placed within the channel. Energy
losses for bridge piers, interior walls in multiPle box culverts,

or other obstructions within the channel, shall be.predicated

~upon the entrance obstruction width plus 2 feet of debris allow-

ance_bn each sidé of each.obstruction. For bfidge piers or
muitiple box culverts, in lieu of the 2 feet of débris aliowance
on the full height of the pier or interior wails, such piers or
walls may be extended_upstréam,on a. 2 to 1 downward slope to the
channel invert. A debris width of 2 feet on each side of the
downward sléping wall shall beiconsidered for the upper quarter of

the bridée or culvert depth except that the minimum heigh%

-15-



of debris shall be 2 feet. 1In lieu of debris allowance at small
" pipes and grouos of small pipes, a flared entrance section or a
debris trap must be used.

Bridges, culverts, and utility crossings‘which span
major and secondary open channels and which are existing, planned
or prOJected at the time of channel design shall have a mlnlmum
clearance from soffit to design water surface of 1.0 foot and
shall cause no encroachment on the speclfled minimum freeboard
in the upstream-channel or waterway. vChannels shall be designed
with proper allowances for hydraulic<losses for all such planned
or projected future crossings tovmaintain clearance'and freeboard
as specified‘above.~ In the case that a_croSSing is proposed over
an existing channel where the hydraulic effect of the crossing
was not considered in design of‘the channelg minor encroachment -
on freeboard may be permltted prov1ded that it can be shown that
’such encroachment would not adversely affect grav1ty dralnage of
adjacent tributary areas Modification of the ex1st1ng channel
and spec1al attention to the de81gn of - plers or otherp obstructlons
'placed in the channel may be requlred to keep any encroachment on
freeboard at an acceptable magnltude.

The water surface profile shall‘be computed and plotted
through all crossing structures. Culverts of all tyoes providing
¢rossings of minor‘materways shall be cesigned hydraulically-in.
accordance with entrance criteria contained in Section D for minor

waterway closed conduit systems.

-16-
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' Constructed natural waterways shall be excavated as

required to pass the design discharge under interim and

ultimate conditions of natural plant and tree growth and of

other natural'channel'characteristicsf  Trees and other plants
and grass shall be planted as a part of initial construction
to promote and encourage ultimate natural appearance. Willows

and othér-phreatophytes shall be planted along the low flow

water line as a part of initial construction.

‘The ultimate éonstructéd natural waterway shall
satisfy the freeboard reqﬁifements in this Chapter. The con-

structed natural waterway may be utilized in ény situation

where right-of-way space can be provided and temporary unvegetated

_ appearance,can be tolerated prior to growth and generation of

natural amenities.

The following sequence of typical dbnditions_is presented

so as to describe a typical process of developing a natural water- -

‘way following initial cbnstruction and planting described above.

First through Fourth Year: Wétéf‘plants such as cattails,
tules and others will normaily-propagafe naturally in tﬁe low
flow and pcqged portions of the channel. This growth wili‘be
Aaliowéd to femain to the extent necessary to provide habitat

for sfream—oriented wildlife.

- 17—



FiG. 4-1

'CONSTRUCTED NATURAL WATERWAY
NEWLY CONSTRUCTED

FIG. 4-2

CONSTRUCTED NATURAL WATERWAY
POST CONSTRUCTION, PRIOR TO TREE GROWTH

N

-18-



Fifth to Twentieth Year: The phreatophytes will have
begun to dominate and shade out cattails and water plants
early in this period, causing a natural decline in that

type of growth. The natural habitat will be re-established

and the appearance will be enhanced by large Willows_and

‘other fast-growing trees and plants. The oaks or other

more permanent trees will be well established, but will not

.yet be a dominant feature of the waterway until the later

stages of this' period.

FIG. 4-3

CONSTRUCTED NATURAL WATERWAY
8 TO 10 YEARS AFTER CONSTRUCTION

-19-



Twentieth Year and.Beyond: The oaks and other,lapge
naturai'growthvwill have become a-dominant part of the
natural channel growth, cauSing a decline in growth of
phreatophytes. After the twentieth year, evidence of
original .constructed excavation of the channel to gain
flood—garrying capacity will be, to a large extent,

obliterated by growth, stream meanders, siltation and

erosion. From this point on, continuing dynamic natural

forces will mold thekchannel shape and appearance onian

ever-changing basis.

FIG. 4-4

CONSTRUCTED NATURAL WATERWAY
IS TO 20 YEARS AFTER CONSTRUCTION

-20-



The ultimate condition of the constructed natural
waterwa&‘will be a result of continued maintenance, ‘which
would preclude encroachment of structﬁres from adjacent.
_properties and would allpw all natural forces to continue
except for two necessarylrestfaints:
1. The density of growth would be limited in the flood-
carrying portion of the constfuctéd natural watefway such
that the -design storm would not flow deeper than originally
designatea. | ‘ |
‘2. The channel.portioﬁ of the consfructed natural waterway
would be restrainéd if'efosive~for¢es tended to carry the.
channel outside the rlght of—way orlglnally reserved.

D. CLOSED CONDUIT SYSTEMS

. Major and secondary waterways placéd~&ithin a closed
conduit system shall have a minimum 1 foot clearance between the
design>water=surface and the soffit of the conduit. The design
fdepth in cifcular conduité shall‘not exceed 0.80 of the diameter
of the conduitbfof majdr and sécondary waterways. Minor waterwéys
placed in éiosed conduit systems may bgrdesigned for full conduit .
éapacity and; if necessary, préssure flow. The hydraulic entrance
condition at a closed conduit minar waterway shall:be.such that the
10 year discharge will have the specified freeboard in‘the‘upstream;
channel or waterway and that the 100 year discharge will be con}' |
tained within the bénks of the upstream waterway or within drainage
‘easements. The entrance to the closed conduit minor waterwéy.may

be submerged provided that the above criteria are satisfied. At

-21-



inlets and non-pressure type manholes within a closed conduit

system, the hydraulic gradeline shall be not less than 1 foot
below the gutter or inlet surface elevation or such that free
weir flowlwill be assured at inlets. At locations where con-

duits are stubbed out for future extension, the design hydraulic

- gradeline shall be low enough to allow prdper'drainage of the

tributary area, with 'a minimum of 1.5 feet below general

existing ground level. TFor conduits designed for supercritical

.flow, the:energy'gradeline shall not ‘be above grouﬁd level at

inlets and non-pressure type manholes.

n Energy.losses due to}débris load caused by splitting
flow at entrance to or within a closed conduit system shall be
computed in the séme manrer as'bbétruction losses in open
channels. In addition to normal friction losses, energy losses
due to ehtrance and exit conditions, bends and transitions
shall be computed.and considered.

'. Velocities in conduits shall be a minimum of 2.5 feet

per second to give a self cleaning action to prevent siltation.



CHAPTER V
ALIGNMENT

Constructed waterways generally will follow the

existing waterway alignment except where bank stability,

property boundary restraints or environmental factors

"dictate an alternative course.

- Constructed waterways may be designed as a bypass

facility with an alignment- generally parallel to the

vmeandering path of the existing creek. The existing water-

way could carry a portion of thefdesign flow and the bypass

‘waterway would then carry the remainder of the design flow

as shown on Pages 24 and 25.

Both ends of a constructed waterway shall be

aligned to conform the modified reach to the existing water-

way in such a manner that the upstream and downstream

waterways will not be altered by degradation, erosion or
other undesirable effects.

‘Minimum centerline radii for curves in constructed

waterways shall be three times the toﬁ width of the channel.
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ALTERNATE /

2.5:/ 430 FROM TOE OR 30° FROM
7O0P OF BANK WHICHEVER 15 GREATER

R/W
R/7W 8t
. N
2.5:1+5' FROM TOE
' OF NATURAL WATERWAY
] , _
6:1 OR
FLATTER SIDE

SLOPES.

ALTERNATE 2_
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BYPASS SYSTEMS

2.5:1+ 30' FROM
TOE OR 30'FROM

TCHEVER 15 e . 2.5:/+10' FROM TOE OF

GREATER NATURAL WATERWAY

R/W

R/W
20’ _]
EXISTING NATURAL

UNDERGROUND CONDUIT

TAKES REMAINDER OF

FLOW -
’ | WATERWAY (LEAVE AS IS

EXCEPT FOR M//VO/'?_ CLEARING)
n=0.0507%

ALTERNATE 3




CHAPTER VI

SECTIONS AND BANK PROTECTION

In certain reaches, the.channel side slopes may need
to be flattened to obtain stability in highly erosive soils or
simply fqr aesthetic or public use value. Public use areas,
such as_pafks or greenbelts, may Ee incorporated in the design
of thé waterway.

Bottom widths may vary as shown on Pages 27 through 32,

depending on where the maintenance access is provided.

-26-~
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MINIMUM RIGHT OF WAY FOR
CONSTRUCTED WATERWAYS

MINIMUM  CHANNEL ALTERNATE

MIN.0.5' C.R.B.

2' { C 8' OR MORE

“REINFORCED \ cou

SHED

..........

CONCRETE o
—LINING BASE

-30 -



2t '9d 335

My

YITIM HO HIOM dOL 06

SAVMYEITLVM G3LINYLSNOI &0
AVM J0 LHOIY WNWINIW -

| 1371n0 Z7
T 220
_“ sN nzl
! . ———
S Y . %7 Io
| a4
g1
¥ILLVT , -
O Q.“\._“\hm. YILLVTS YO 12— | :
AUM ,. |
FONVNILNIVW ONIDVIYNS NI0Y
GIHSNYI 03aVY9
3 > | 7IIM-SnNIw 211
| ‘syals | :
| /108 SAVM FONVYNILNIVA 30IA0Yd

,06  S$G3F0X3 HLOIM dOL IFYIHM

-31-

NIVYaG 3018
ONNOY9  TYHNLVN

EINLAP)
&0 1:0/

-~ \J'Il\l ~——

N
S~

LY 9d 3375

M’y
JONIS



CHANNEL - PROTECTION

RIW | : - R
0.5 : 0.5’
——i - —] |——
. = | T
i Q| ARCHITECTURAL FACING WITH [ ™ >
' 3 APPROPRIATE ROUGHNESS
VALUE o &
1
) : SEE NOTE
%) xd
: 3
5 FRSRNYORTRNE LRI
R/W ' VERTICAL SIDES oo
, o5 0.5'
NATURAL —— o

. —
R/7W FENCE

GROUND~_ j

70:1 OR FLATTER

CPLUS
HFREEBOARD

'  PROVIDE ACCESS FROM
SLOPING _SIDES  pygi1c ROAD TO CHANNEL
INVERT AT INTERVALS NOT
70 EXCEED 2000

NOTE: BOTTOM WIDTH SHALL BE A MINIMUM WIDTH
OF 10 FEET OR TOP OF BANK ACCESS SHALL
BE PROVIDED. : '

-32-



Side slopes may:need to be protectéd with lining if the
velocities are erosive. When concfete is used and the velocity
in the éonérete seétion is 6 feet per second or more, loose rock
riprap shall be used as a transition strip above the.concrete
lining. If velocities dictate the necessity of channel lining,
it shall Cdnsist of coﬁcrete, grouted rock riprap, Gabion type

riprap, sack concrete riprap, or air-blown mortar. Grassed

channels or loose rock riprapped channels shall have side slopes

‘not stéeper_than 2 to 1. Lined channels shall have side slopes

not steeper than 1.5 to 1 unless designed structurally to resist

all lateral loads applied to the bank lining.

FIG. 6-1

CONCRETE CHANNEL
SLOPING SIDES

-33-



FIG. 6-2

CONCRETE CHANNEL
VERTICAL SIDES

Channels shall have flatter side slopes if soil

'instability appears probable from field investigation.

Design of slopes in‘unstable.soils shali be;predicated,ﬁpbn
results of an investigation by a registered professional |
engineer qualified in soils engineering. The depth of coﬁ—
structed channels ahd.waterways shall be sufficient to allow
tributary closed conduits and other tributary.watérways to
properly outlet into the channél, Generally ‘this will require

a minimum channel depth of 5 feet.

- 3Y4-



Bank protection shall be provided in constructed
channels and landscaped constructed waterways in accordance
With.thé criteria shown on the drawings of typical sections
on pages 29, 32, 36 and 37. Velocities referred to on the
typical sections are, in each case, the mean Veiocify-in the
cross-section. The tefm "stress areas"'aS‘uéed on said typicdl
sections means locations.where the hydraulic étress is greatér
_than in a stfaight,,uniform channel reach, and includes junctions,
tranéitioné, and curves whose cenfefline‘radii are less than six
'vtihes the width of the design water.surface. Stress area pro-
ftecfibn shall extend downstream from the end of the streéé area .

a distance équal to ten times the design water depfh.

At.drop strddtUres or in otherAlocations'Where a hydraulic
jump may be formed, bank pfotecfion_shall be provided downstream '
dfrom the jump for a minimum diSténce of six times the sequent.
depth. This protection shall cover the channel invert and extend
to the height'of the sequent depth and may be either concrété,
grouted rock riprap, sack.concfete riprap, or air-blown mortér. A
minimum distancg'of three times the désign water\depth shall be
provided with ldOse rock riprap immediately downstream from the
lined.reach covering the same cross-section as reguired for the
lining. -

Aﬂ& of the channel lining materials may be used for bank
protection. Other acceptablédmateridls for bank prdtection include
the following:
= 1. Low-growing grass which will stay green under natural
conditions in Sonoma County throughout the summér, and'which

will form a thick, dense turf. .
) : o -35-



CHANNEL PROTECTION

FOR ALL CHANNELS EXCEPT NATURAL CREEKS
AND CONSTRUCTED NATURAL CHANNELS

-/DESIGN' WATER _SURFACE Y

’
>

ESTABLISHED STAND OF

GRASS ENTIRE SECTION v s eea i |
Exoor  SERVICE 04D VELOCITY. LESS THAN 6ft/sec

AND BOTTOM

NON - STRESS AREAS

ESTABLISHED ,
STAND OF GRASS

DESIGN D

LOOSE ROCK RIPRAP

VELOCITY FROM 3ft/sec. TO 6 ff./sec.

STRESS AREAS

_36_



CHANNEL PROTECTION

FOR ALL CHANNELS EXCEPT NATURAL CREEKS
AND CONSTRUCTED NATURAL CHANNELS

- p~—DESIGN WATER SURFACE 7

ESTABLISHED)
STAND OF
GRASS

3'MIN.
DESIGN D

RIPRAP

VELOCITY FROM 6 ft/sec. TO 10 ft. /sec.
NON - 57'_/?555 AREAS

)

ESTABLISHED R R
‘ LOOSE S22
oLass S : - ROCK — R
' RIPRAP

" VELOCITY FROM 6 ft./sec. TO 10 ft./sec.
| 'STRESS AREAS |

ES‘/G/V WATER SURFACE
PC.C.,GUNITE, GROUTED

\ROCK RIPRAP OR SACK
CONCRETE RIPRAP LINING

VELOCITY GREATER THAN /0 ft /sec.
ALL AREAS '

-37-



2.. Loose rock fiprap.- Rocks shall be angular  and well-
graded from an average diameter of U4 inches.to an average
diameter of 15‘inches with approximately 50 percent by weight
smaller than 9 inches in average diameter. Not mére than
10 perceht of the rock riprap by weight‘shall be'iesé fhanx

4 inches average diameter. An occasional rock having an

5avérage diameter of not more than 20 inches may be included,

T

pfovided that not more than 5 percént of the rock riprap area

shall have these larger rocks pfojecting above the neéflines,

Ibut in'any event the total rock mass shall be dense and well

integrated. (See Figure 6-3)

. EARTH CHANNEL
' ROCK RIPRAP TO PROTECT TOE OF SLOPE

_38_



The iimiting velocities shown on the fypical sections
'applybtd the usual cohesive soil conditions found in Sonoma County;
lower limiting velocities may be appiied to the design of.channels
constructed in non-cohesive soils.

For any velocity and hYdraulic stress combination, the
materials shown for a condition of higher veloc1ty and stress may

~

be used in lleu of those shown on the typlcal sections..

- . EARTH CHANNEL.
ROCKFNPRAP TO PROTECT STRESS AREAS

-39-



Bottom stabilization.or.protection may also be required
where velocities are sufficiént to éause invert erosion; Earth
channels, in those areas not otherwise protected; shall be planted
with an approved grass seed to establish a vegetative'covér to
the top of channel banks.

DraihageAfacilifies shall be so constructed and areas
-adjacent to channels so graded that side drainage will enter in a
manner which will prevent erosion withiﬁ the rights-of-way. This
will generélly require constructed side inlets and collector
ditches to carry side flow to the inlets. Typical side inlet
'structures are shown on Page LI. |

Alternate désigns'to these side inlet structures and rock
collars, such as errspillé, will be consideféd on theibasis of

the éfosé drain being mainteﬁance-free, allowing no obstruction to
maintenance equipment and being environmentally and aestheticélly
acéeptable. The alternate may'bé rejected for aesthetic reésons
alone. | |

.Side iniets.éhall conVéy thé‘flow under maintenance ways

in culverté to the méin channel inverts except'whefe an acceptable
'alternate'is_approved.v Galvanized metal condgit may be used for'
this purpose. - Where closed conduits are not required for side‘
drainage, other facilities such as lined valley gutters shall be

provided to preclude occurrence of erosion withinvthé waterway.:

|

Tributary waterways shall be conveyed under maintenance ways in
closed conduit where such flows can be conveyed in 72-inch diameter

or smaller galvanized metal conduit. Larger tributary waterways

- qo_
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SCHEME

LOOSE ROCK COLLAR

W/4"EARTH COVERING
(ra FILL VOIDS.
(28

.: f??%

#4 BA/-?S‘)

CUT TO FIT SLOPE OF

CHANNEL BANK

-SEE QUTLET
DETAIL ABOVEY,

ELEVATION

TYPICAL SIDE DRAIN
- INSTALLATION

'REV. 6-83

R/W

- CHANNEL
BANK

PRECAST CONC__*
DROP INLET.

_PLAN
\20 MIN. LENGTH

TOP OF INLET SHAPED
TO CONFORM. TO INTER-
CEPTION DITCH WITH
HINGED SAFETY
COVER.

~Z

ALTERNATE } TYP/ CAL SIDE DRAIN INS 754LLA7'/ ONS R/w

V-GROOVED KNOC
OUT WALL, NONRE
||  ForcED WHERE
OPEN DITCH 1§
TRIBUTARY.

e DITCH OR PIPE
GRADE VARIES

= 2

CMP

ELEVATION

WHERE PIPE IS USED,
OPENING WILL BE
FORMED & GROUTED.

TYPICAL CMP INLET WITH CONCRETE

D/.«‘l;J /'

SEE ALTERNATE
INLET DETAILS

S
) | .
3000 [ 022, |
BAND COUPLER
ELEVATION

, et DROP INLET
LOOSE ROCK COLLAR ‘ 05"
W/4" EARTH _ . 2./ 3/ B
cover TN o —
o ' 1
) S
‘0; . o Q
N i: >t‘ %
NIT) |
~— Q!
_ t~ e FLOW
TP - \CONCRETE—— |
@ 4
T AE T - COLLAR _ R/W FENCE
WHEN D < 24 Y= 2’ ! o _
WHEN D = 24" v=/' L
_ELEVATION € /' pEED—
TYPICAL CMP OUTLET V- DITCH
£ v-pircH R/W

TOP OF BANK

DITCH LINE

—SACK CONC. OR

GROUTED ROCK
RIPRAP

TYPICAL CMP INLET WITH
SACK CONCRETE RIPRAP
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may be nléced in closed conduit for maintenance way crossings,
or they may enter the main channel in properly designed open-
channel-junction structures. Major and secondary tributary
waterways shall enter the main channel-at an angle not exceeding
25 degrees from being.paraliel to flow in the main channel, and
such junctions shall be designed in accordance with_a'moméntunl
analysis of the flows. Where'open channel tributaries cross

maintenance ways, a convenient turn-around area shall be provided

 for maintenance vehicles. Minimum radius of a maintenance turn-

around shall be 40 feet. Other acceptable configurations such as

a hammerheéd may be used. '

Maintenance ways shall be rocked as shown on the drawings.

' The depressed maintenance way shall have a crushed rock surfacing

4-inches thick. The maintenance way along the bottom of the

waterway shall have a crushed rock‘surfaciné 6-inches thick. The

rock shall be of sufficient quality to resist degradation under

use by maintenance equipment and'normal channel flows and shall
have 1-1/2 inch maximum diameter and sufficient fines to produce
a dense section When watered and compacted to at least 85 pércent
relative comnaction based on California Test Method 216. The
source and grading of material shali bevapp?oved by the Agency prinr

to placement on the service roads.

-42-



CHAPTER VII

STRUCTURAL DESIGN

Structural design aﬁd construction of drainage facilities
shall be'subject to the.approval ofjthe agency having maintenance
jurisdiction. Structural design of all drainage facilities shall
conform to acceptéd engineering practices and to fhe criteria set

3
AN

forth below.

Structures shall be designed and constructed such that
hydraulic conditions in the'upstréam waterway will not be altered
in a way which would cause degradation, erosion or other undesir-
able effecté.

Insofar és.isApracticable,4catCh basins, manholes,Ainlet.
structures, etc.;_shall conform to standard plans of thé agenéy'
having méintenancevjurisdiction,.but‘in any event shall be
hydraulically.écceptablé.

| ' Minimum dimension of conduit openings éhall be 18—inches.
except that the minimum dimension may be lS—iﬁchés_where enffance
structures are provided which will prohibit debris accumulation
in the conduif.' Entrance structures shall be desighed to allow
passage of Watef.with anticipated debris loading at entfance. The
alignmént of closed conduits shall be aé neérly straight as
practicablé. Manhoiés or some other acceptable méans of access
ishall be provided at or near all junctiohs, at all bends which
are sharper than those formed by standard single be?el'coﬁcretg

pipe, and at intervals not to eXceed_SDO feet élong the conduit.



Inverted siphons will not be permitted unless necessitated

by unalterable ekisting'conditions, Closed conduits,

including non-reinforced and cast-in-place concrete pipe,

" shall be structurally.designed to withstand earth and sur-

- charge loads normally anticipated to be imposed thereon.

Clearance between top of pipe and ground shall be sufficient.
to preclude displacement of or damage to the conduit by all
loading and surface land uses. This will generally require a

minimum of 2 feet of clearance.  Conduits shall be designed

' to have a minimum useful life of 50 years. .Normally,

galvanized metal conduit will'hot be acceptable except for
outlets into open waterways,'unleés‘extra’protectioh is
provided to prolong life.v‘In the event of erosive conditions,
extré wearing surface or coatingiwill also be reduired in
conduits._ B |

Closed conduits outletting into.opénlchannels or
waterways shall be galvanized corrugated metal pipe for'approxiQ
matély the'last 20 feet immediatély upstream from the outlet.
Such pipes shall be beveled'to fit_fluéh'with the chénnel bank,
and shéll_be connectéd to non-metal conduit by means of a concrete

collar reinforced with welded wire fabric.



CHAPTER VIII

RIGHT-0F-WAY REQUIREMENTS

A. GENERAL:

Land Eights shall be provided in one of the: following

alternate forms:

1. Natural waterwéys, constructed channels and landscaped’
constructed waterways:’

a. Separate parcel éasement dedicated on a subdivision
map; adjacent lots shall not extend into the ease-
ment area.

b. Fee'simple, if purchased by the Agency.

- c.- Fee simple or easement, if granted to Agency for no
monetary consideration.

2. Closed éondﬁits:

a. Easement dedicated on a subdivision map as part of
adjacent lots. ' ' :

b. Easement>granfed to Agency by purchase or for no
monetary consideration.

Right-of-way requirements are shown on the drawings on

pages 24, 25, 27, 28, 29, 30,31 & 32 and are further described in

" Sections B, C and D below.

B. RIGHTS-OF-WAY FOR NATURAL WATERWAYS:

For natural waterways, a right—owaay shall be provided
which includes theé entire waterway area between the top of banks,

together with a minimum 30 foot wide erosion buffer and access

strip along the top of each bank. Top of bank is defined as that

bank which is at or above the'élevation of the adjacent natural

- ground outside of the waterway. A top of bank which is below

_]_*‘5_



another top of bank is a secondary top of bank. In the case
of a.natural waterway having earthen bank slopes steeper than

2-1/2 horizontal to 1 vertical, the right-of-way shall be in-

~ creased to providé width for not less than 2-1/2 to 1 slopes

: from the existing toe of bank, plus the 30 foot wide erosion

buffer and acéess strips. Toe of bank is defined és fhe bottom
of the slope from the top.of'bank exc;uding secondary banks.
Additional right-of-way will be required where unstable'groundf.
conditions exist. | |

Natural waterways as defined in these standards shall

" be delineated as described in Chapter IT, Section B, of this manual.

- C. RIGHTS-0F-WAY FOR CONSTRUCTED CHANNELS, CONSTRUCTED‘NATURAL‘

-

WATERWAYS AND LANDSCAPED CONSTRUCTED WATERWAYS AND APPURTENANCES:

Constructed channels and iandscaped constructed waterwayé
with side slopes stéeper than 6 to 1 shall haVe‘sufficient right-
of-way provided:to contain the top width oflthe chénnel plus a
minimumlof420 feet for a continuous maintenance way and inter-
ception ditch on one side; and aAminimum of"9,feet on the opposite

side. An alternate to the 9 feet is shown on Pagé 47. The 20 foot

maintenance way shall be provided on both sides Qf channels whose

top width is greater than 50 feet. The right-of—ﬁay provided shall
also inciude any cut sl§pes which may be required to allow for’
difference in‘elevation between the maintenance way and natural
ground, except.that if‘the adjacenf‘natural ground is graded.down
to the‘méintenance way on a slope of 10 to 1 or flattér; thé

slopes need not be included within the right-of-way. In any case,

cut slopes shall not be steepér than 3 to 1. Landscaped constructed

fHB—
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waterways with side slopes 6 to 1 or flatter shall have
sufficient right—of-wéy_provided to contain the top width
of the waterway plus a minimum ofv5 feet on each side.

Where ramps are not possible’or access across is
not allowed, such as the railroad and freeway, or where open
channel tributaries are permitted to cross the maintenance
way to enter fhe méiﬁ'channel, as describedrin Chapter vV,

additional right-of-way shall be provided-to accommodate a

minimum 40-foot radius turn-around for maintenance equipment

or some other acceptable configuration.

At intersections of the channel with public roads,

sufficient right-df—way,shall be provided to permit access

from the public road to the maintenance way. In the évent that'
the right-of-way does nét intersect a public.road.or projected
public road, a turn-around or a 1l5-foot wide access right—of-way
shall be pfovided from a public road fo‘the channel right-of-way
at intervals not to,exéeed one channel mile..

',Right-ofeway for lined channels shall extend to 0.5 foot
outside tﬁg fop of bank only, with:a lS—fQot hide access right-of-
wéy provided to the channel from a public road atvintervals alohg
the channel of not' more than 2,000 feet. Such access shall'extend

to channel invert by means of concrete access ramps having a

‘maximum slope of 15 percent.

The right-of—way,fdr landscaped constructed waterﬁays
may be the same as that designated for constructed chanhels oxr,
at.the optién of the consfructing individual or agency;‘right—of-
way fop sﬁch»waterways méy-be increased as desired'to provide

-4g8-
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additional area for planting or other landscaping. For such

'Waterways whose side slopes are 6 to 1 or flatter, right-of&&ay

shall equal or exceed that shown on Page 29.

Right-of-way for constructed natural waterways shall be
established so as to meet the ultimate needs of such a waterway.
These needs shall inélude ultimate roughness value, provision
for .erosion, natural‘reshéping and realignmgnt; and access along
the top of banks as shown on Page 28. |

.Where.interim construction upstream or downstream of a
pfoject\reach is required, in accordance with the provisions of
Chapteré‘I and V;, all easements or rights-of-way, temporary or
permanent,vnecesééry for the performanéé of such wofk shall be ‘
acquired. |

All cohstructed chaﬁnels,shali_be fendéd on both sides
of the right-of-way as followsg’

.‘1;' ‘Within urban, suburban, and rural»residential areas
, such fence shall be either 5 feet of chain link fabric
with tension wire or 4 feet‘of chain link fabric énd
' two strénds of barbed wire for an overall fence height
. of 5 feet, or 4-foot high chain link with bar-top.:
Fourteen (14) foof long chain link drive gates shall
be ﬁfo&ided at all road interseétibns and at all other
poinfs of access to the maintenance way.
- 2. Within rural areaé, fiéld—type fence shall be provided
| consisting of 32 to 36-inch high sheeptight wire mesh

with 3 strands of barbed wire for an overall fence'height

—-49-
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of 5u4-inches. Fourteen (14) foot long drive gates
shall be provided at all locations as specified above.
Landscaped constructed waterways shall be delineated .

in the same manner as natural waterways.

D. RIGHTS-OF-WAY FOR CLOSED CONDUITS AND APPURTENANCES:

A rightfof—way sufficient to contain the closed conduit
system and appﬁrtenances plus a:minimum of two feet on eacn side
thereof shall be provided but.in no event shall the right-of-way
be less than 10 feet in width. Insofar as possible, rights-of-
way for closed conduits shall be along or adjacent to property
lines and outside of dreas where structures are planned. No
fencing is reqniredAfor closed conduit rights-of-way.

Rights-of-way for intefim'WOrk shall be provided as
described in Section C above.

E. RIGHTS OF-WAY AND ACCESS FOR RECREATIONAL USE:

Waterways lend themselves very well to prov1d1ng necessary
land and right-of-way for the pursult of recreational activities,
such as bicycling, hiking'and horseback riding._ These activities
as well‘as others shall be considered as part.ef the usefulness of
the waterway. | | v

. Bikeways may be required along waterways .that are compatible
with the general bikeway plan for the,area.‘ If a waterway falls
into this category, the bike pathway shall have a riding surface
lsuitable for general bike riding. Bike paths may be 1ncorporatea
- as part ef.the maintenance way‘provided the surfacing will withstand
the .loading of the maintenance vehicies.. In general,.the tike path

surface width shall be at least 6 feet.

-51-



Hikiﬁg trails may also be part of the bike paths.
However, horseback riding will not be allowed on the same
path as the designated bike paths or hiking trails. Tﬁe
horse path shall be in a separate lodation, preferably on

the opposite side of the channel.
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10.
11.

12.

13.
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. High Ve1001ty Flow in Open-Channels, Transactions ASCE, Vol.

116, 1851.

Landscape Treatment for Flood Control Channels, Sonoma County
Planning Department, 1963.

. Standard Speoifications for Public Works Construction, latest

edition, Northern California” Chapter, American Public Works

. Association.

Planning and Design of Open-Channels, Technical Release No. 25,
U. S. Department of Agriculture, Soil Conservation Service,
(including Chapter 7).

- Open Channel Flow, F. M. Henderson, Macmillan, 1869.
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FORMULAS

SUPERELEVATION:

1. Rectangular channels

b.

Subcritical flow S s= 3V¥Zb
. 4¢R
Supercritical flow _ s=|_2.%%?

2. Trapezoidal channels

a. Subcritical filow ‘

b. Supercritical flow

INSTABILITY WAVES:

C e
Hy= 0.25 dg |1-1t (5> - |

DEFINITIONS:

Superelevation above normal water surface (feet)

Average velocity (fps)
Channel bottom width (feet)

Centerline Radlus (feet)

Acceleration due to gravity (fps?)

" Co=tangent of bank slope

Normal depth (feet)
critical depth (feet)
Critical slope
Channel bottom slope

Height of wave above normalvdepth (feet)

g= Vi(b+2Zd)
2(grR-2ZV?)

See Reference No. 5

PLATE No. B=5



WATER AGENCY REVIEW OF DEVELOPMENT PLANS
PLAN CHECK GUIDELINES

This guideline on procedure and requiremenTS was developed to make it possible for
everyone to have the same opportunity for expeditious review by this office.

Procedure

Plans will normally be reviewed in the order in which they are'received‘unless
supporting data is missing or plan check fees are not received.

The plans will be returned to the engineer if they are incomplete or if there

" are no supporting calculations or the calculations are deficient or impossible

to follow.

This office performs calculations only as needed to check the calculations of

"~ the developer's engineer.

.. This office will send a copy of all its correspondence concerning the plans to

the County or City, and other interésted entities, so that all parties may be
fully 1nformed as to the status of the plans.

This offlce will not review or glve verbal or wriTTen approval of underground
drainage systems until open channe! facilities which are a part of the develop-
ment improvements and which are designated for future maintenance by this Agency
have been designed and found acceptable to this. office.

Rqujremenfs'

Al drainage sfrucfures shall be des:gned in accordance with The Agency's Flood

Control Design Criteria and close attention to the Criteria wnII facilitate
early approval by .this office.

.. Plan submittals shall have a letter of transmittal. The letter of transmittal

shall include a general statement on the proposed improvements and provide de-
tailed statements regarding any proposed deviations from Agency s Flood Control
Design Criteria.

Two complefe sets of plans shall be submitted for each plan check, if the developer's
engineer wishes to have one set returned with revisions noted thereon.

The design aids and references which are used in support of the calculations for
design of drainage improvements shall be listed. Be prepared to supply this

- office with copies of reference data if you have used something not in our

reference file. If compufers are used, the input and oufpuf shall be sufficient
to allow easy checking.

Hydrologic and hydraullclcalcuIaTions showing energy losses at Junctions, bends,
manholes, friction slopes, etc., shall be submitted by the engineer.

In addition fo the calculations, the hydraulic grade]ine and the energy/gradelfne
shal!l be shown for all open or enclosed drainage improvements except gutters.

Plan views, profiles, cross-sections and details of all drainage faciiifies including
a lot grading plan showing how each lot will drain shall be submitted.

The current fee for plan checking shall be submitted wffh the first submittal of
plans in accordance with the fee schedule.
. o=



SAMPLE DRAINAGE COMPUTATIONS

An example of cemputing'the qgantities of storm water which
can be anticipated to arrive at the boundaries of a proposed sub-
division is herein presented. The method used is known as the
Rational Formula as shown on Page 11.

1. . Select the quadraﬂgle sheet. of the U. S. Geological
Survey topographic map within which the proposed sub- |
division is.located. In many cases, a larger scale
topographic mab may_be necessary.
2. ‘Impose the outlines of the proposed development on
the map. Map'must sho& onfsite'drainage end offjsite
drainage whieh affects the development. Map must show
topography, drainage paths and areas used in the celculations.
3. On the map, draw in the outlines of the watersheds and
lesser dralnage basins along the ridge lines for all areas’
contrlbutlng storm water runoff to the development boundarles
fPege E-1). 1In most 1nstances, a field 1nvest1gatlon must be
‘made at this tlme to accurately determine the dralnage basin
»/outllnes. This is particularly necessary if some portlon of
'a_contribufing watershed has been developed.. Also, during
the field inspection, certain notes must be made of existing
structures and unusual'features within the watersheds and
Aespecially-along the natural channels. The field inepection
must include the areas adjacent to and downstfeam from the

pfoposed developmenf.



4.. Overlay the proposed development boundaries, the
watershed and drainage basin outlines, and the threads .

of the natural channels on the mapAwith colored pencilv

(or some other acceptable means). (Page E-1)

5. Assign a letter designétion to each watershed area

and to sub-areas or small contributing drainage basins on
fhe map. ;(Page E-1)

6. 'Designate by numerals those points at'which the storm
water flows are toc be compﬁted. Such pdints will inélude
channél forks and'jUnctions,~points of entry into the pro- .
posed devélopmént, and any other "control" points which
have been noted during the field iﬁsﬁection. (Page E-1)

7. Planimeter the areas on the map and list them in acres.
8. Use a computation sheet with columns and lines headed
in a manner similar to Page E-2. | |

97 Select the uppermost watershed or ‘sub-area and enter
its point of concgntration ahd ité élphabetical designafion
as in Columns l'and 2, Page'E—2i Coldﬁn 3 lists elevatiéns
from map. | | |

10. Determine‘the ruﬁoff.coefficiént "' for each sub-grea
based on fhe slope of the ground and the expected‘ultiméte
level of development using Pége B-1. The intensity "i",
Column 8 is based on the time of cbncentratiéni Columns 6
and 7 and Page B—2;‘

11. Enter the K-value determined from Pages B¥3 aﬁd'B—u.

12. Compute the average slope of the streamline for each



R

pup—2

113.‘_Compute the values of KAAC for each sub-area

sub-area and enter the values in Column 4 on the
computation sheet. Compute the averagé velocity
between points of concentration using the slope of
the streamline and the characteristic type of flow
ekpected after ultimate development (i.é.,_natural
mountain channel;\gutter flow, reinforced concrete

pipe, etc.) The averagé velocity is then used to

- compute the travel time which is entered on the

‘computation sheet. 'Note that as the sub-areas are

accumulative from the upper to the lower end of a
watershed, so too are the time intervals and time

of* concentration.

and enter the summation of these values in the column

"headed TKAAC. This summation.is a weighted value of

the runoff from the several areas.
l4. Using the time of concentration "tc" as the

shortest duration of rainfall for a design storm being

of the required frequency (average recurrence interval)

entefvthe frequency—duratibn-intensity chart (Page ‘B-2)
and find the rainfall intensity "i". |
15. Compute the rate of storm watef flow,'Q = SKAAC.
16. Complete the above computational process for each

sub-area. _ -~
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©BY DATE SUBJECTé’amm/p H, el SHEET NO._/ _OF
CHKD. BY _DATE EYA/V)’)}O/,@ / JOB NO,

5upp/ém.»fn/ﬁry C&?/C‘M/&?'//OI’? For Hydra/oqy

A Kk —tactor

Ave. annual ramtall = - 3/ Y yvear

Ret) "Sonome County meor seasorc/

| - preciprtation | Dlate Mo B-=
k ~toctor = /.04 -

'/Per” Y - /’007‘0/’- Vs, mean eeﬂsona/

_ /0/’56’//0/ fation” - Plate /\/o 3—4
B C-Volues
E Ret "Runolf?t c’oef’f’/c/enfs For- rav‘/ona/
- formula” ) Plate Mo.B- /
W/bu/ar/ Area|  "Estrmated " ' NUMHimate | C-

Average Ground Slope % | Devip. |Value
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?gnfoufs ) / 07[,5 | S

S ‘ = / V4 v 3/ -
B ¥ ee% e/ze 2055 # " .6z
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£ 4 B L 54
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BY DATE
CHKD.BY DATE

SUBJECT.

SHEET NO._Z__OF

JOB NO,

L Estimated”

Trtbertary Area| - \Utpnate| C-
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BY DATE SUBJECT

CHKD. BY DATE

JOB NO.

SHEET NO. ,5 . OF

Tributary| Arec| "Estimated” Ultimate | C-
| | Average Ground Slope % | Devip. |Value
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- =/l minutes




BY DATE SUBJECT. SHEET NO. 4 OF
CHKD. BY DATE JOB NO.

T//vawﬂéar-/ / - coma/

= erm /00//774 2 to /c?@/nvé 5’
Q av‘pO/n-/Z 4.3 cf’s.
Estimated Q at point = 14 cfs.
/h/cf/’o/qe & betweern Z arns T = 43’ 7 w—=
5267"6’
Assume g /5 ,w/be /77 7%/5 reach, slope =4.3.%,
normal flow veloc/ty asSHméa/
S, @n (BZ)(o/4)
K =z5p Tz %)As%) T 5
Frerm Kings Hondbook of /‘/y;/rﬂw//cs
- D =coeo ) |
A part-+ull /?evf.) “or £ -:Q)// Fre Graph’
A £l =063 Bosed or vel/sc/ties or areas
A part-full = @83/, z;/’%?)— C77 f42
i 2%ec. ~
-

T/"ﬁVf/ fime = 1067 #7 ////// /ffc”)/é'c?é’fé’/n/n) /. 5 mm

Ff’om /oa/n;Z Z Fo point 4

Q at peint 3= /45 s
Es‘///vmnléﬂ/ & 0?//00/07‘ A =20 ¢ ﬂs ('4""925 n?i:lg:/ac/ea
A\/a’/—aqe 6? bé’%kt/ééﬂ Faond & = /457" =
| /7. 5’(:105
45’5ume /8 /0//06‘ /’/aw//ng' 7‘@///@7’Z &= 29 =
N f = //7775, = /ﬁ’ﬁ//é’ec |
Wave/ 7‘//775 oco /»,z///a /’//;ec’ ) (60 zec. /rr/'/ﬂ ) 1.5 rrrr.




BY DATE SUBJECT. SHEET NO. :5 OF
CHKD. BY. DATE : JOB NO.

77’//0&/%&//'}/ [/ — éonb/

from point 4 4o pooint 6

6?'7[/00//7)‘4 IE.8 c.fs.
This Q would oetermine the velocsty
- oF flow between points # aond 5.

Aﬁswme o J6"RCR f/o&/ng £ull ot 2 6%
Average velocity =G/m = 39/707=0 ’A//s'ea
7'/"ﬁl/<f/ 71//77@ "55?70/5 7”"/5%)/6‘0“‘/77#7)—- /. 5/77//7

77”/)’7%‘7‘07)' v 2

Frorm /00/57[ / Ao pcm% z
Q ot 0//-7-//—- 2.0 s
Eﬁ%/mﬁ?ch&/ &R at point Z= 767[%
7-2Z

.‘At/frﬂqe G betweern land Z = Z+ ———=
4. 55‘ £s.
Agswme quf?éef- Aope ot CZ slope
Vé/&CNZ = 5" fs00 |
Pe;ﬂ f/?ﬂ/ 0/’7 ;ﬁﬂ%ﬂ kosa, é’w/%e/- /:—/aw Cl/?ﬂr"l[ |

77"&71/8/ Frrme = 500 /"///57”//5’%)/5&”%”/’7)

L

= 1.7 minutes



BY

CHKD. BY

DATE SUBJECT. . SHEET NO. é OF _
DATE : JOB NO.

Tf‘//&w/ﬂry zZ - c.on./&/

V full

Frem /00/'/7/ Z te /O??/h% 5

Q af point 2 = 7.2 cfs. = 7

Estimated & at pomt 3= 23 cfs.

Aver&q:-f G between 2 F3 = 97‘—237-1 = /7 c#s.
Assume a I8 rcp af slope = 6% gnd normal £/ow
<A _//7)///4) . | ‘
K'=JZ5z% “aizes) =72

. %/ =coZ Ref ///(/hqg’ fTondbook
Fur/l-fVow veloeity = 13.5 #t fpec. |
V gart-#ull _ 107 Ref "Part—Lull P Graph”

. Average Ve/ﬁé/BZ/ = //.f_7)//2-5’ﬂ’%m)—’-'/4.4 M fpgn.
| A _ '

- Time of Cfﬂ(’o’ﬂ//‘ﬁ//?/? ://4 4 /,{/5,{%‘) (60 yec},/?ﬁﬂ) / Z 717,

Fremr pf/h £ g ‘} o p&/h £ &

Q 97[/09/}774'5’ =202 cfs,

Estimates @ af point 8 = 34 cofs.

Average & between /09/}7/5 3/6" =77+ ‘ﬁ;—fi—'—‘
: ) T 27 ofs.
Assume 24 RCP, s/epe = 7%, normal flow.

. @ zZ7)lor)
K'= g e =) 225) = - 275

L 42 Rt gt Hamalbook”
Ful l={low velocity = 17.7 P foec

V par Al p 20 fet Fard-tull Fpe Chart”

V full |
. Averoge ve/s 6/\71/ = /7.5 //"/.454.. ‘



BY DATE____ SUBJECT. L SHEET NO.__7.__OF
CHKD. BY : DATE____ ' JOB NO.

Trtbritary 2 — con sl

. 700 £
477"&71/:9/ 7Z//T76' _//7570"/444)/57”?/ ) — ? 7r77//‘7

77'/,@4 /ﬁ/- y Z

Frem ,00//‘77/ / 7[0/051/77[ 4

'C?a% omt /=12 cls - |
Eé’?é/mﬁ/ed A; 07(/09/;77[ z = 56’ cH's. '
56-12
/Wff‘&?qe & /067‘%/&2/7 ,0;»//7745 /fZ = /2% Va =
T4 cf’s.

- Asgsume qu/'%e/- /7/001/ &?7/ /122 e/o/oe
Co Average veloeity = 7’”A’e"

| et ('/7‘ 0/ San ta frsa, Gutter Flew K’Am—/

. ;ﬂye/%/mé /77%5)27;;%%;”) ﬁ@ I"Y‘l H"I.

From peint 2z fe oot 7
QQ/ a/n%? 576’7/)5' «
ES%/M@//‘&Q/Q&V/ 0//771 g = /95'/9 JP—5.7
Aygf-ﬁ@’e & be%//yeen/oamfs‘ ZFZ=577% =
7.90#%. sy Bt

/75‘54/076 /5 /?['P &HZ 2= 6‘/0,0&'
| & (8 oa)
A A% % " (z95)(.50) ~ /72

O =042 Ret? K 's Horndfocak
v Full = 166 Y, 1;,0 f’(.’:f//’ﬂ/’/// = .97

. Average Ve?/fé’/?l)/ o2z //é /”p@. ;"/5 ’ﬂ’[/fc"a
77’&7//5/ '//me —//éﬁgféffm/a> =G min.




BY _ DATE____ SUBJECT SHEET NO._ 5= OF_.
CHKD. BY DATE JOB NO.

W/éw/ﬁry_ Z - conl
Fr‘@m /00/}77/'3 F /00/}77[ 4
R at poirnt 3= 2.5 s

Esﬁmﬁ%m/@ﬁ% it A = 35 ohls.
58— zz2

Average & be 7‘%/55/7 P17 7‘5 7 //4 72+ T =
30 cFs=

Assrrrme Z4 /?C‘P &7/ 5‘/0,08 = 5. 7/ nermal Llew
& __(3)/0/4)_.
K =755 = 55)/ z52) = i
=053 et /(/nq's Hondbeo 5
V,aar%

| /:Z/// /’/cw Vﬁ/&(’/?‘)/ /6 7’4’%& Yar Y /ﬂf
W Average velocity = /ﬁi//é’?"”’%w) /7 7Sz,

Trﬂve/ Frrrre = //7{52_2)52554/ - = /LPrrurt. |

F—/—am /OO//‘?'% < 710,04:”774 5

G?m/ 9//7754 = 59 of%. |
557///70&774?&/ & ﬂ/ &//7/ 5= 60 Cvﬂg .’60-'5’9"

| /41/5/‘&’/73 & ée/ween pomnts 4 f/ 5 =797 zZ -

OO chs.
»465‘///775 50 RCP, slepe =4.67, narxrm/{’ow

(o)l 014)
k=5 97 U5 275 R

P = 007 Ref “Kings Hor f"}?’k “
_Fu//—/’/yw velzeity = 16.6 7”//;% '/V A W |
. Averogge ve/pa/// (.05 (16.6 7 /er.) = ) /7.5 #/é'ga-

Fravel Fime = (775 %7 ;if/m,;,'.) = Q.6 mum

E-11



BY

DATE SUBJECT. SHEET NO._ZOF :

CHKD. BY

DATE ’ JOB NO,

ey 7Zﬁ/”,\/ 4

Froem po;h% / Fo /OO/)WZ 4

& 0'7(/00//77[ /= L7 efs,

Estimated Q &nl cint 2 = 0.9 C‘/’s‘
Averoge ,beﬁz/efn peints [£2 =/ 7 5,

P -
Z

435‘7[75

—

Assiire gutter low ﬂ% /7 % g/f,oe
Average Vé/ycn‘/ = 7 e

Reft 5’/6/ of’ 5’&//7/&7 Aosa, 6’/47‘2‘5/— Flow Chars

7;"67%:’/ 7[//776 /7 #fézf/gé yec/ﬁm) — / p/‘ﬁ/ﬂ

Ff’om /00//7/ 2 #r /oaxnvé .5’

QA ot 0//77/? c.Z cfs.

E57Z//77ﬂ7(fﬁ/@ at 0//77[ 5"‘/7 cﬁs
Averoge @be%zxz/eenpo/n7‘s 2;"3 ot /726

- // cts,
/45’5‘4//775 /& PCP slope =57/ rnermal Flows

_ o 14)

N
—
——

o =% °% /295)/2@5) =0 /5z

D/&/ ﬁ37 /\Derﬁ /(//7 s Han&//aook g

 F/ = ew velooty = /6. 5’ A oo

l//aﬁr/ Ful/ = P87 Rl ﬁr‘/ /Z////O//o, 6/‘0{/0/7 2

vV Full

Aver‘ﬁqe \/e/pcv/)/ O S7(/87 ’(é ) /4 7 '/7#/5’5"

_77‘&1:/5/ 7{//776 =7z ?gr%.,ef}[/é'f g ) = f G rmir.

From peit 3 to point 4

Q m% 0//774 Z=/7 c#s.
Es‘f/mﬁ'/f‘d & ot pom% 4 = 4/ ey



— : . -_— ——

BY. ' DATE SUBJECT. SHEET NO._ /D OF
CHKD. BY DATE, JOB NO.,

Iribetary 4 — cond
2-1/7 _

Avervige & between pomts 3 5/4 =17+ 42
79 ct's.

Assiime Z4 ' RCP af slope =6Z, flowing normal

/I _ &7 /29)/9/4) _
K Ti%en Tia)zz4) T /286

=067 Ref "Kings /‘/ana//ooo/c "

Ful!l-Flow ve/oc:néy =/5 ’ﬂ’[/ec v gart-Aull //75_ |

- Averoge //5’/05/7‘)/ =/ o5l ’ﬂégc) S5 B 7”7%4

50 #
Trave/ 7(//776 //55ﬁ’”é'ec)/6ﬂ5‘°‘ 7 = . 7.

F/"@/TZ '/OO//‘?)Z 4 7z£> /Oo//-?'/ 5—

Q af point 4 = 4] ofs. '
Es%/ma%ea/ & ot O//'77[ 5 = 59 cﬂs :_4/. -

50 crhs.
A ssume 30 RCF, ;‘/?,06 5 = ,narmﬁ/ lpw “re
_®n  _(50)lor4)
| k=B Ry = A e = v 2z |
' . =055 RefF /(//774 Hordbook " |
. - F///// F7ow vff’/ocn‘y =/7. B’ﬂ’(/fea V['/OGZI//{)H(/ = /(74

Average velocity = [.04 //75”[)’%'%' = /8’ ’ﬂ/ﬁ"”

9o ¥ )
: f—ﬁl/f/ %/me_-— //570[/5,86)/6y5’£c// /’_,) fgm/f—’ |
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BY. DATE SUBJECT ’ sHeeT No._/ /. oF
CHKD. BY DATE, v JOB NO.

7/;//%/47@7/1/ A4 — comd

From: ,Oa/r-nZ 5 %ﬂ@@/ﬁ‘/ 6 )
Q ot /00//'77[ 5=/72 cts. |
5974/}7757756@/,@ 07[/&0/}77/ © = /4P ¢ fs.

Al/c?/’ﬁ&y@ QA betfween /0&//77/5 5’;‘/’ = /,? 7:-_{‘_%67___/22___

) /3/ cts.
| /4964//775 42 A’C’P /’/OW/ng 74///

@ 13/
V== = 156 e

iﬁegye/ Frime = /’/; ;,9,?/;’;’;”%7 w) =24 Saa




EXAMPLE. 2
$TING DRAINAGE

SCALE IN FEET
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-SUMMARY'©?

DESB@N

ALTERNATES  



SIDE SLOPE, MAINTENANCE ROAD & CHANNEL BOTTOM ALT ERNATES

VARIABLE
EROSION |
- BUFFER, 30"

B} . ) e

Al ’ : .

 ORIGINAL GROUND \AL -

FOR MAINTENANCE WAy,
-PROVIDE A [2FEET WIDE
STRIP, FREE OF TREES
AND SHRUBS ON A 6:/
OR FLATTER SLOPE,

S , LOCATED ANYWHERE
N S - | WITHIN THE 30 FOOT
o | STRIP. -

- N CONSTRUCTED NATURAL WATERWAY

| WHERE VELOCITY IS LESS THAN 6 ff/sec.

30' g ,

FOR MAINTENANCE wAY,
PROVIDE A /2 FEET WIDE
STRIP, FREE OF TREES
AND SHRUBS ON A 6:/
OR FLATTER SLOPE

: : ' . LOCATED ANYWHERE
L | | TOE OF BANK WITHIN THE 30 FOOT
g o STRIP. -

NATURAL CREEK.

|



TOP OF BA/VK, R/W & FENCING ALTERNATES

~

h : o VARIABLE ‘ RAW

| EROSION 30' PLAN TING AND
- BUFFER . ACCESS STRIP
ZONE
_ . » ‘NAT URAL '
— o : GROUND : ﬂ
. 74 Il
~ ,
~ 3 s RAIL FENCE OR ~H
TN , i ’ OTHER SUITABLE

= } R/W DEL/NEATION

CONSTRUCTED NATURAL WATERWAY

‘

g'+ FRW

SLOPE |
' ROUNDING

5l

i

THEORE TICAL TOP——~_

OF BANK - N .
6:10 '

| .
U.‘\ RAIL FENCE OR OTHER

SUITABLE R/W DELINEATION

FLAT SIDE SLOPES



TOP OF BANK, R/W & FENCING ALTERNATES

R/W

7

—t R

FABRIC FENCE PLACED '
0.5 ft. INSIDE R/W -

_—ORIGINAL GROUND.

7 . '
1.0 ft. ABOVE NATURAL GROUND, . ‘
BUILDING PAD OR OTHER

CONTROLLING GRADE

IR 7T

IF NO RUNOFF PASSES INTO THE CREEK
- RIGHT OF WAY '

o' MIN. RW

___FABRIC FENCE PLACED
( 0.5 ft. INSIDE R/W

_ /0R/G/NAL GROUND
: : 4 v/ .

“ \/0-'I OR FLATTER

3. ) : y .
2/ : " ’
= MINIMUM
. NImMY : DEPTH

STANDARD CHANNEL



SIDE SLOPE, MAINTENANCE ROAD & CHANNEL BOTTOM ALTERNA TES

o~ K | ' g'%
. ‘ : SLOPE
e - ROUNDING

6:1 0OR FLATTER

FOR MAINTENANCE wAY, PROVIDE A 12 FEET
WIDE STRIP, FREE OF TREES AND SHRUSES,
LOCATED ON THE 6/ OR FLATTER SLOPE.

REINFORCED CONCRETE LINED
s LOW-FLOW CHANNEL OR OPTIONAL
‘ UNDERGROUND PIPE . -

)
FLAT - BANKED CHANNEL

N6 "DEPTH
CRUSHED ROCK

" THICK
REINFORCED
CONCRETE

- LINING

MINIMUM - CHANNEL



SIDE SLOPE, MA//VTENA/VCE ROAD & CHANNEL BOTTOM ALT ERNATES

12 'MAINTENANCE

NEED ROADS BOTH ROAD
, SIDES IF THIS CRUSHED
| -~ POINT 1S MORE | . ROCK
| THAN S50 FEET | sSurRFaCING

. FROM OPPOSITE
- : TOP OF BANK

LOOSE ROCK RIPRAP

2:1 OR FLATTER

ROCK RIPRAP CHANNEL

- 12'MAINTENANCE

NEED ROADS ROAD
BOTH SIDES IF CRUSHED
THIS POINT IS ROCK
_ MORE THAN 50 | SURFACING
i FEET FROM
j OPPOSITE TOP
.OF BANK

3./ OR FLATTER
4" DEPTH CRUSHED ROCK
2!l OR FLATTER

. EARTH CHANNEL



TOP OF BANK, R/W & FENCING ALTERNATES

: ' ~ rRZW
30 FROM 2.5:1

LINE OR 30' FROM
TOP OF BANK, WHICH-
EVER /S GREATER

NATURAL
CHANNEL -

. RAIL FENCE 0;‘:>
OTHER SUITABLE

RrR/W DELINEAT ION

NATURAL CHANNEL

R/W

4’ {—0. 5 _ ' )
" ORIGINAL ‘ /0:1 OR FLATTER
\GROUND

FABRIC F, E NCE

CONCRETE OR . , ,
GROUTED ROCK - = /

s

CONCRETE-LINED CHANNEL



\ SIDE SLOPE, MAINTENANCE ROAD & CHANNEL BOTTOM ALT ERNATES

I~ VERTICAL OR SLOPED CONCRETE
: STRUCTURALLY DESIGNED AND
—_— | ARCHITECTURALLY FACED

4,
R SR ; | | |
\mmw' /0 FOOT BOTTOM = - TOP OF BANK
WIDTH WITH ACCESS FROM  OR ACCESS SHALL

PUBLIC ROAD TO CHANNEL
INVERT PROVIDED AT LEAST
EVERY 2000 FEET

BE PROVIDED

REINFORCED CONCRETE CHANNEL

NEED ROADS 2 . -

~ BOTH SIDES IF SMOOTH
"THIS POINT IS | SURFACED

MORE THAN 50 |MAINTENANCE
FEET FROM | WAY
OPPOSITE TOP |
OF BANK

1.5 OR FLATTER

GROUTED ROCK CHANNEL



Trees

.

O W 0w NN o U FE oW N

‘_l

11.
12.
13.

Botaniecal Name

Acer Macrophyllum

Acer negundo californicum

.Aesculus californica

AinuS'rhombifolia
Cercis occidentalis
Jugians nigra
Lithocarpus densifiora'
Platanus occidentalis
Quercus agrifolia.

Quercus kelloggii

Rhamnus californica

Sequoia sempervirons

Umbellularia californica-

" Shrubs and Groundcover -

14,
15.
16.
17.

18.
19.
20.
21.
22.
23.

o2y,

Arctostaphylos species
Atriplex lentiformis
Baccharis pilularis

Ceanothus species

. Cercocarpus betuloides

Myfica californica

Photinia arbutifolia

Rhus ovata
Ribes viburnifolium

Sambucus callicarpa

PARTIAL PLANT LIST FOR FLOOD CONTROL CHANNELS AND NATURAL WATERWAYS

Common Name

Big LeafAMéple
California Box Elder
California Buckeye
California Alder
California Redbud
Black Walnut
Tanbark Oak

American Sycamore

,California Live 0Oak

Black Oak

~ Coffeeberry.

Coast Redwood

California Bay

Manzanita
Salt Bush
Coyote Bush
Wild Lilac
Western Mountain Mahogany
Wax Myrtle -
Toyon

Sugar Bush
Evergreen Current
Coast Red Elderberry

Native Grasses §& Forbes
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- INDEX

Closed conduit, 21 ' ' ‘ Plan check guidelines, C-1
mlnlmum diameter, 43 -

mlnlmu]-n Cover’ Ly 'Ratlonal formula, 11

. _ ' Right-of-way, natural waterway, 45
Debris allowance, 15 . ~ open channel, 45, 46, 48, LS9
Energy losses, open channel, 15, 16 closed conduit, 51

closed conduit, 22 Runoff coefficients curve, B-1

' Freeboard, 'open channel, 15 16 : . .
closed conduit, 22 - Service life, ui

Gutter flow, 12, 13 ~Side drainage, 40
Hydraulic jump, 35 Siphons, ujh

Intensity vs. duration curve, B-2 Slope prqtection? 26, 33, ?“: 35, 3¢t
B-3 : Strgss areas,l35

Toe of bank, Uu6

Top of bank, 45 ,

Turn-around radius, 42, u48

Isophyetal map,
K-factor, B-4
'Manhole spacing, . 43

Manning's '"n" values, 13

Open channel, invert slope, 15 Tributary channel angle, U2

supercritical, 15 Waterways, natural 4
curves, 23 major, 10
secondary , 10

Partial plant list for flood control minor, 10

channels & natural waterways, H-1



